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Scanning electron microscopy of acellular glomeruli in
nephrotic syndrome
STEPHEN M. B0NsIB
Veterans Administration Medical Center, and University of Iowa Hospitals and Clinics, Iowa City, Iowa, USA
Scanning electron microscopy of acellular glomeruli in nephrotic syn-
drome. All cellular elements were extracted from portions of 13 renal
biopsies performed for nephrolic syndrome and the acellular glomerular
basement membrane (OHM) examined by scanning electron micros-
copy (SEM). Five biopsy specimens did not contain subepithelial
deposits by light microscopy (LM), immunofluorescence (IF), and
transmission electron microscopy ('[EM). SEM of the acellular GBM
showed a uniform slightly granular surface identical to that previously
reported for normal human GBM. Eight biopsy specimens contained
suhepithelial deposits by LM, IF, and TEM. SEM showed complete
extraction of deposits and a spectrum of clearly visualized diffuse GBM
alterations in response to subepithelial deposits. Shallow pits or inden-
tations of the GBM were noted in two cases stage I MON which
correlated with numerous "pinholes visualized by LM in tangential
sections of the GBM on silver stain. A complex reticular pattern of
GBM elaboration was observed in cases of stage II MON corresponding
to "spikes" visualized by LM on silver slain. SEM of glomeruli
following cell extraction permits the first direct three-dimensional
visualization of the OHM alterations occurring in various stages of
suhepithelial immune complex formation.
Microscopie electronique a balayage de glomerules acellulaires au cours
du syndrome néphrotique. Tous les éléments cellulaires ont été extraits
dans des fragments de 13 biopsies rnales faites pour syndrome
néphrotique, et la membrane basale glomérulaire (GBM) acellulaire
examinëe en microscopic électronique a balayage (SEM). Cinq speci-
mens hiopsiques ne contenaient pas de dépóts sous-épithéliaux en
microscopic optique (LM), en immunofluorescence (IF), et en
microscopic électronique t transmission (TEM). La SEM des GBM
acellulaires a montré une surface uniforme legerement granulaire
identique a celle antérieurement rapportëe pour Ia GBM humaine
normale. Huit specimens biopsiques contenaient des dépôts sous-
épithCliaux en LM, IF, et TEM. La SEM montrait une extraction
complete des depots et un spectre d'altérations diverses de la GBM
clairement mises en Cvidence en rdponse aux depOts sous-Cpithéliaux.
Des puits ou des indentations peu profonds de Ia GBM ont etC notes
dans deux cas de MON de stade I et étaient corrClés avec les nombreux
"trous d'epingle" mis en evidence en LM sur des sections tangentielles
de GBM, en coloration 0 l'argent. Un aspect réticulé complexe de Ia
structure de Ia GBM a etC observe dans des cas de MON de stade II
correspondani aux "spikes" mis en evidence par LM en coloration a
l'argent, La SEM de glomérules après extraction cellulaire permet Ia
premiere visualisation directe tridimensionclle des alterations de Ia
(iBM survenant 0 divers stades de Ia formation d'immuns complexes
sous-épithéliaux.
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Scanning electron microscopy (SEM) has enhanced greatly
our understanding of the complex morphology of the
glomerulus. It initially revealed the three-dimensional appear-
ance of normal podocytes and their interdigitating foot pro-
cesses and clarified subsequently the sequence of podocyte foot
process retraction in animal studies of nephrotic syndrome
[1—8]. The few SEM studies of human biopsy specimens for
glomerulonephritis (GN) reported [9—13] have covered a wide
spectrum of glomerular diseases. However, SEM in human
glomerulonephritis has provided a paucity of diagnostic and
morphologic information.
A major limitation to the application of SEM in the study of
glomerular diseases has been that prior investigators confined
observations to podocyte and endothelial cell surface altera-
tions while a major site of injury, the GBM, remained obscured
by these overlying cells, In contrast TEM has been invaluable
in nephropathology because of its ability to reveal the fine detail
of the GBM and its modification in glomerulonephritis. TEM
however fails to provide a clear conceptualization of the three-
dimensional appearance and topographical distribution of GBM
alterations in GN.
Clear visualization of the actual three-dimensional appear-
ance of GBM and its alteration in GN is possible by SEM
following initial removal of cellular components to expose the
"naked" GBM. I adapted a simple extraction procedure devel-
oped by Carlson and Kenney [14—15] and Carlson and Chat-
teyee [16] applied to the SEM study of normal human and
animal glomerular basement membrane for use on frozen hu-
man renal biopsy specimens [17]. To my knowledge, this
technique graphically reveals for the first time the three-
dimensional appearance of (iBM changes developing in re-
sponse to subepithelial immune complex formation.
Methods
Renal tissue used for this study consisted either of portions of
renal biopsy specimens snap-frozen in liquid nitrogen (11 cases)
or formalin-fixed autopsy kidneys (2 cases). The frozen tissue
remaining following routine direct immunofluorescence was
thawed in 5 mrvt EDTA. The thawed renal biopsy specimens or
fixed autopsy kidneys were then treated as previously described
[17]. Briefly, tissue samples were treated sequentially in the
following solutions: 5 mrt EDTA, 4°C, 24 hr; 3% triton X-100.
room temperature, 18 hr; 0.025% deoxyribonuclease in 1 M
NaCl, room temperature, 6 hr; and 4% sodium deoxycholate,
room temperature, 18 hr. All solutions contained 0.1% sodium
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Table 1. Clinical and laboratory information
Patient Dx
Ages
years Sex
Creatinine
mgldl
Proteinuria
g124 hr
Group 1
1 MCD 5 M 0.7 3.5
2 MCD 8 M 0.7 1.5
3 MCD 7 M 0.9 4.2
4 MCD 9 F 0.6 5.3
5 FSS 33 F 1.1 8.5
Group 2
6 MGNI 67 F 1.5 3.0
7 MGNI 37 F 1.4 4.6
8 MGN II 49 M 2.3 12.0
9 MGNII 75 F 1.2 3.6
10 MGN II 67 M 1.0 4.1
11 MGNII 37 F 1.1 7.0
12 MGN II 48 M 1.7 3.9
13 MGN III 42 F 1.3 2.9
Abbreviations: MCD, minimal change disease; FSS, focal segmental
sclerosis; MGN, membranous glomerulonephritis; I, stage I; II, stage
II; III, stage III.
azide. Tissue samples were rinsed in distilled water for 30 mm
between solutions.
Aceliular tissue samples were fixed in 2% glutaraldehyde;
routine techniques were used for ultrastructural analysis. Tis-
sue samples for SEM were dehydrated in graded alcohols,
critical point-dried and vacuum-coated with gold palladium. A
JEOL JEM-100 Cx SEM was used at 20KV accelerating volt-
age. Tissue for TEM was cut into 1-mm cubes, postfixed in 1%
osmium tetroxide, dehydrated in graded alcohols and propylene
oxide, and embedded in epon. Thin sections were stained with
uranyl acetate and lead citrate and examined on a Phillips EM
300 TEM or a JEOL EM-100 Cx at 60KV.
Results
Thirteen specimens (11 frozen kidney biopsy specimens, 2
formalin-fixed autopsy kidneys) were extracted and examined
by SEM. The specimens studied were divided into two groups
for analysis based upon either a lack of immune complexes
(group 1) or the presence of diffuse subepithelial immune
complexes (group 2). The pertinent clinical features of each
case are summarized in Table 1. Material was available for LM,
IF, and TEM in 11 cases. Two autopsy cases (6 and 13) lacked
frozen tissue for IF and one needle biopsy specimen (10) had no
glomeruli in plastic-embedded tissue for TEM.
The extracted frozen tissue is completely acellular by SEM,
consisting of nephron and vascular basement membranes as
well as interstitial connective tissue fibers (Fig. 1A). On low
magnification SEM the usual cortical components—glomeruli,
Bowman's capsule, tubules, and interstitium—are identified
easily (Fig. IA). The acellular glomerular tufts retain their
characteristic architecture although artifacts were observed in
some cases from prior cryosectioning (for IF) resulting in
partially sectioned glomeruli. Focal tuft distortion and partial
capillary loop collapse were also present, although these arti-
facts never prevented recognition of glomeruli or prevented
appreciation of the GBM surface alterations.
Group 1—no subepithelial deposits
Five cases (ito 5) were studied which by conventional renal
biopsy methods (LM, IF, and TEM) contained no subepithelial
deposits. This group includes four examples of minimal change
disease (MCD) and one example of focal segmental sclerosis
(FSS). Routine TEM demonstrated diffuse loss or spreading of
podocyte foot processes in all cases.
Three to five acellular glomeruli were studied by SEM in each
case and appeared qualitatively similar. Figure lB to D are
representative illustrations of an acellular glomerular tuft and
the surface qualities of the naked GBM. At low magnification
(Fig. I B) the BM of individual capillary loops of the glomerular
tuft are discriminated easily. The show a certain degree of
intrinsic rigidity despite an absence of cellular components,
although partial collapse of capillary loops is observed. The
subepithelial GBM surface is smooth to lightly textured and is
free of residual cellular remnants (Fig. lC and D). This appear-
ance is identical to personal observations (unpublished) of
normal rat acellular GBM as well as previous reports of both
normal human and normal animal acellular GBM [14—161. The
lack of appreciable GBM alteration is consistent with the
uniform subepithelial appearance of the GBM usually observed
by TEM in MCD and in the nonscierotic glomeruli in FSS (Fig.
1D). No focus of segmental sclerosis was identified by SEM in
the FSS case.
Group 2—membranous glomerulonephritis
The eight cases of MGN included two cases of stage I
disease, five cases of stage II disease, and one case of stage III
disease, using Churg's TEM classification [181. Two to five
glomeruli were examined by SEM in cases 7 to 12. Cases 6 and
13, both autopsy cases, had abundant material with numerous
glomeruli available.
One example (case 6) of stage I MGN was secondary to
penicillamine treatment for rheumatoid arthritis and known to
be of no more than 3 months duration. The second case (7) of
stage I MGN was idiopathic. Light microscopic examination of
silver-stained sections from both cases showed widespread
discrete "pinholes" on tangential views of the GBM (Fig.
2A-inset), but no "spike" formation was visible. TEM of
formalin-fixed tissue showed diffuse small epimembranous de-
posits which indented the GBM (Fig. 2A-inset). On SEM, the
acellular capillary loop BM from both cases showed numerous,
uniformly distributed, shallow circular depressions, or indenta-
tions of the GBM (Fig. 2A and B) representing sites of immune
complexes which were extracted. The naked GBM between
foci of indentation was coarsely granular and identical to the
GBM observed in cases without immune complexes. Case 2
also contained eccentic to circular elevations of the margins of
occasional depressed foci forming shallow crater-like forma-
tions (Fig. 2B). These represent the initial stages of deposit
incorporation into the GBM.
Five examples of stage II MGN were studied, all of which
contained typical "spikes" by LM and diffuse subepithelial
deposits with varying degrees of deposit incorporation by TEM
(Fig. 3A and B). SEM of several representative acellular capil-
lary loops from cases 8 and 11 are shown in Figures 3 and 4. The
capillary loops have a diffuse reticular or lattice-like array of
GBM projecting perpendicular to the native GBM separated by
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Fig. IA Scanning electron micrograph (SEM) of extracted specimen illustrating a glotnerular tuft (large arrow) showing prior sectioning through
its lower portion, an empty Bowman's capsule (B) with ostium of proximal tubule (thin arrow) and basement membranes of tubules (1) separated
byfibrillary interstitial connective tissue. (x 200) B Acellular glomerulus in minimal change disease (case 2) showing preservation of the glomerular
iuft architecture and extraction of all cellular elements. (x800) C and D SEM in minimal change disease illustrating a uniform slightly granular
surface. (C, x2000; D, x6000)
dark spaces which represent sites of immune complexes re-
moved during the cell extraction. A similar reticular pattern of
GBM is discernable by both LM and TEM on tangential
sections of the GBM (Figs. 3A and B). It is apparent that the
GBM elaboration around deposits, visualized as "spikes" in
routine two-dimensional LM and TEM, is clearly shown in
three dimensions to result from a complex pattern of GBM
formation. Although these changes were relatively uniform
throughout the glomerulus, minor local variability in the degree
of GBM elaboration (or TEM stage) was observed within
individual glomeruli, such as GBM 'bridging" over the surface
of reticular arrays in small zones (Fig. 3A), which coalesced
into broad enlarging plaques as changes approach stage III.
Confirmation of deposit extraction and the GBM changes
described above was provided by performing TEM on extracted
tissue in three cases. In case 6 sufficient acellular material was
initially available for both SEM and TEM examination. The
inset in Figure 3D demonstrates a segment of acellular capillary
loop BM visualized by TEM. Typical large discrete "spikes"
with partial and complete bridging are clearly present. Empty
spaces between the "spikes" show that immune complexes
were removed by solubilization procedures. Following SEM
examination of extracted tissue from cases 8 and 11, the same
tissue sample was embedded for TEM (Fig. 4C). TEM of these
two cases also demonstrated the typical widespread spike
formation along the GBM without evidence of residual cells or
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Fig. 2A Membranous glomerulonephritis stage I. This SEM micrograph of case 6 shows numerous shallow circular depressions along the GBM
(arrows). (x 10,000) Inset (left): TEM showing suhepithelial deposits indenting the GBM (arrows). (x 25,000) Inset (right): En face view of capillary
loops on silver stain showing numerous "pinholes" (arrow). (x 1250) B Membranous glomerulonephritis, stage I. This SEM micrograph (case
7) shows numerous tiny shallow depressions and occasional larger foci forming shallow "craters" (arrows) representing the earliest phase of
deposit incorporation. (x 8000)
immune complexes. This approach also allowed visualization of
the metallic coating used for SEM (Fig. 4C—inset) which
represents the surface of the glomerular tuft scanned by SEM.
The single example of stage III MGN studied showed com-
plete bridging over deposits by LM. TEM showed a complex
picture with intact deposits, deposits undergoing resolution and
a discontinuous second tier of deposits often having prominent
spike formation (Fig. 5—inset). Correlations between TEM and
acellular SEM findings is shown in Figure 5. On SEM numerous
residual pore-like openings of variable size represent incom-
pletely bridged segments of GBM and they are visible in Figure
5. The second discontinuous tier of deposits resulted in GBM
elaboration in the form of individual "craters" or "domes"
when bridging over craters was complete.
Discussion
Since the initial SEM description of podocyte foot process
loss in a nephrotic syndrome patient by Arakawa [I] in 1971,
there have been relatively few SEM studies of human renal
biopsy specimens for glomerulonephritis [9—13]. In 1976 and
1977 excellent SEM studies of ten biopsy specimens by
Arakawa, Edanaga, and Tokunaga [9] and 125 biopsy speci-
mens by Jones [101 were reported, describing a broad spectrum
of glomerular diseases. The major alterations they observed
were in the podocytes and included foot process loss, micro-
villi, blebs, and focal denudation. These cell surface changes
were not unique for a specific type of glomerulonephritis; this
has precluded application of SEM to diagnostic nephropathy
and limited its usefulness in experimental nephrology. Recent
reports have simply confirmed the limited spectrum of podocyte
reaction to diverse forms of glomerular injury [11—131
This report represents the first direct three-dimensional visu-
alization of the subepithelial aspect of the glomerular basement
membrane in human nephrotic syndrome. It has been shown by
this study that in nephrotic glomeruli without epimembranous
deposits, the acellular GBM resembles that reported for normal
GBM, both having a uniform slightly textured or granular
surface. The increase in GBM permeability and loss of fixed
negative charges has no apparent morphologic correlate visible
by SEM of the epimembranous surface. This has been demon-
strated in the two major forms of immune complex negative
nephrotic syndrome (MCD and FSS).
To my knowledge, this report has also illustrated for the first
time two consequences of subepithelial immune complex depo-
sition—indentation of the GBM and GBM elaboration—in three
dimensions. In the earliest stage of MGN the small deposits
indent the GBM and produce foci of permselectivity attenuation
which may be functionally significant, possibly representing a
myriad of channels for protein loss through the GBM. These
depressions also result in pinpoint foci of nonargyrophilia in en
face views of the GBM by light microscopy. Such "pinholes"
however are not restricted to stage I MGN but may be observed
whenever irregularity of the lamina dense occurs such as with
intramembranous deposits [191.
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Fig.3A Membranous glomerulonephritis stage II (case8) showing reticular appearance of GBM (arrow) on tangentially sectioned capillary ioop.
(Jones Methenamine Silver, x 1200) B 7EM (case 8) illustrating reticular pattern of GBM (arrow) in tangential section (Ifcapillart (arrow) similar
to that seen in 3A. (x 3200) C SEM of several capillary loops (case 8). Note the reticular pattern of GBM with foci of bridging (arrow). (x 5000)
D High magnification of3D illustrating reticular pattern of GBM (curved arrow) and sites of extracted deposits (arrowhead). ( x 15000) Inset:
TEM qf extracted glomerulus showing spikes with bridging (arrow) and sites of extracted deposits (arrowhead). ( x 10,000)
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Fig. 4 A and B SEM of stage II MGM (case II) showing diffuse reticular
appearance of GBM elaboration. (A, x5000; B, x8000). C TEM of same
glomerulus in 4A and B. Note the absence of both cells and deposits
with the preservation of GBM and diffuse GBM spikes (arrow). (x5775).
Inset: TEM illustrating black metallic coat from prior SEM study (arrow)
and sites of extracted immune complex deposits (arrowhead). (x8750)
Progression of MGN from stages Ito II has been documented
previously in patients having repeat biopsies. Stage II lesions
are recognized by LM and TEM by GBM elaboration around
deposits which appear as spikes in two-dimensional studies.
These spikes have been shown to be a portion of a complex and
diffuse reticular pattern of GBM elaboration which is easily
observed by acellular SEM 120, 211. If stage II MGN cases
began as the stage 1 cases with discrete small deposits, then
aggregation of immune complexes must occur as deposits
enlarge to account for the elongated and serpintine SlIM
I
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Fig. 5. SEM of stage III MGN (case 13). Note distinct craters (arrow)
and circular orifices of the incompletely bridged reticular GBM.
(x 6000) Inset: TEM showing thickened GBM with discrete crater
(arrow) and partially bridged deposits. (x 6600)
appearance of many deposits. 'I'he stimulus for GBM elabora-
tion by podocytes in response to subepithelial immune com-
plexes is not understood but must he a dynamic process
occurring simultaneously with deposit enlargement. A minimal
size of deposit or a certain concentration of immune reactant or
a certain molecular component within deposits may initiate
podocyte BM elaboration.
The inability of conventional SEM studies to reveal structural
details of the GBM in glomcrulonephritis has been overcome in
this investigation by the combination of a cell extraction tech-
nique and SEM. This has enhanced our concept of the distribu-
tion and appearance of the GBM in response to subepithelial
deposits. Although this technique is simple to apply, it is not
proposed as a diagnostic technique but rather as an investiga-
tive probe for exposing structural alterations of the GBM and
their distribution in three dimensions which have been difficult
to envision utilizing TEM reconstructions. These findings,
however, must be viewed as preliminary because of the limited
number of cases examined. Additional study is required before
extrapolation of these observations is made to other glomeru-
lonephritis having subepithelial deposits.
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